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EuTiO3 is a quantum magnetoelectric material combining spin and charge degrees of freedom.  The 
magnetoelectric coupling is evident from the observation of a strong enhancement of the dielectric constant 
as a function of applied magnetic field [1]. EuTiO3 is an ideal system in which to study quantum critical 
fluctuations of coupled charge and spin order parameters on tuning the transition temperatures to absolute 
zero, and the expected emergence of novel states. As a precursor to these studies, it is essential to have a 
complete understanding of the normal state. Based on a lab source powder X-ray diffraction pattern, the room 
temperature crystal structure of EuTiO3 was reported to be Pm-3m the cubic perovskite structure with lattice 
parameter a=3.897 Å [2], and it was believed that it remained cubic down to the lowest temperatures. The 
localised 4f moments on the Eu2+ sites order antiferromagnetically at TN = 5.5 K  [3]. 
 
Here we report the results of the XRPD study performed at beamline ID31 of the ESRF (HS3895). Data have 
been collected at λ=0.4000(1) Å at RT, 150K, 50K and 5K respectively. The XRPD patterns collected as a 
function of T are displayed in Figure 1.  
Unfortunately, given the limited amount of time available, it was not possible to perform a careful study of 
the temperature dependence. Therefore, an accurate determination of the transition temperature and order 
parameter evolution of the phase transition is still lacking.  
 
The data has been analyzed by Rietveld method with the program GSAS and the results are summarized as 
follow:  

(i) At room temperature, as expected, EuTiO3 has a simple cubic perovskite structure with space 
group Pm-3m. [3]. Our refinement lead to satisftactory description of the data with R(F2)=0.0408, 
χ2=3.720, wRp=0.0977, Rp=0.0770). All the peaks are indexed. 

(ii) At T≤150K the system undergoes a cubic to tetragonal structural phase transition (see Fig.1). The 
unit cell metric and the extinction conditions are consistent with either centrosymmetric I4/mcm or 
to non-centrosymmetric I4cm space groups. The I4/mcm model gives the following results at 



 

150K: R(F2)=0.0790, χ2=4.594, wRp=0.1024, Rp=0.0842. Similar results can be obtain with the 
I4cm space group. Similar results can be obtained at 5K and are shown in Fig.2. 

These results represent a big step forward in the knowledge of the structure of the sample and will give more 
insight in understanding the magnetoelectric properties of the material. 
However, a correct assignation of the space group is fundamental to interpret correctly the coupling between 
the magnetic and ferroelectric order. Reciprocal space analysis carried out by means of powder diffraction 
alone is not adequate to exclude polar distortions. Since, the removal of the centre of symmetry allows the 
creation of permanent electric dipoles as a consequence of Ti and Eu displacement, the real space analysis of 
accurate diffraction data should shed light to the actual long range space group and/or to the eventual 
presence of (disordered) polar nanoregion. 
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Figure 1. Details of the XRPD patterns collected at different T on EuTiO3.The diffraction peaks C and T refer 
to cubic and tetragonal phases. 
 



 

 
Fig.2. XRPD pattern collected at T=5K. Iobs (close circles), Icalc (red line) e Iobs – Icalc (blue line). The inset 
shows the accuracy of the fit for some selected peaks. GoF parameters obtained with space group I4/mcm are 
R(F2)=0.0949, χ2=3.479, wRp=0.0943, Rp=0.0942. 
 


